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ABSTRACT
A very sensitive, simple and cost-effective liquid chromatography–mass spectrometry/mass spectrometry (LC-MS/MS) method
for the determination of multi-class antibiotics in chicken liver was developed. The drugs under consideration were
sulfaguanidine and sulfamethazole, trimethoprim, tetracycline, chlortetracycline and tylosin. Linear calibrations were estab-
lished for all the analytes and the R2 values ranged between 0.9990 and 0.9997. The limits of quantitation (LOQs) varied between
0.025 and 78.8 µg kg–1. The limit of detections (LODs) were better than those that have been reported for the same antibiotics
in many instances in other studies and ranged between 0.010–31.5 µg kg–1 with the sulfonamides exhibiting lower sensitivity
compared to others. This was attributed to poor response factors, low S/N ratios and matrix interferences. A contrast between
the relative responses towards mass spectrometer and ultra-violate/visible (UV/VIS) detection of the analytes is also reported.
Sulfonamides exhibited higher response factors towards UV/VIS than mass spectrometer detection and the opposite was true for
the rest of the analytes.
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1. Introduction
Several methods have been used in the analysis of veterinary
drug residues in human food. The choice of method is depend-
ent on the objective of the analysis, availability and cost of the
equipment and the required sensitivity for that particular analy-
sis. Even with these considerations, chromatographic methods
coupled with mass spectrometric techniques have become very
popular in recent years, most notably high performance liquid
chromatography–mass spectrometry (HPLC-MS).1 HPLC-MS
has become the method of choice for the analysis of veterinary
drug residues in food-producing animals (FPAs) due to its
robustness, high sensitivity, selectivity, and structural elucida-
tion capabilities. It is also cost-effective and numerous analytes
can be determined in a single run, thus satisfying one of the
primary considerations for an analytical method. Most of the
methods reported for multi-residue determination focus on
closely related compounds usually those belonging to a single
class of drugs. More recently, however, new methods have con-
centrated on multi-class analysis, e.g. veterinary drug residues
in milk.2 Several other examples have been reported where
LC-MS has been used to determine multi-class veterinary drug
residues in complex matrices.3–8 Specifically LC-MS has been
used to analyze chicken muscle wherein doxycycline, a tetracy-
cline was detected in four chicken samples at concentrations
ranging from 29 to greater than 150 µg kg–1.9 In this same study,
oxytetracycline and chlortetracycline were detected in ovine
samples at 15–51 µg kg–1 and 13–79 µg kg–1, respectively.
Sulfonamides (antibiotics) such as sulfaguanidine and
sulfathiazole, which were included in this study, have been
determined by HPLC-MS in honey with limits of detection
(LODs) ranging between 10 and 50 µg kg–1.10–12 Using a C18
solid phase extraction cartridge for sample preparation and an
ultra-triple quadrupole mass spectrometer, LODs as low as
0.06–0.18 µg kg–1 for sulfonamides in honey13 have been reported
in the literature. Another study employing a triple quadrupole
mass spectrometer14 demonstrated that the matrix influences the
determination of sulfonamides. Tylosin A, B, C and D have been
determined in bee larvae using a mass spectrometer detector
(MSD) trap and the LODs ranged between 0.4 and 1.3 µg kg–1.15
Application of the method on real bee larvae samples yielded
values that ranged between 116 and 904 ng g–1 of total tylosin,
i.e. tylosin A, B, C and D. Using pressurized liquid extraction
(PLE) and a C18 SPE cartridge for cleanup, LODs of 3 µg kg–1
have been reported for a range of sulfonamides including
sulfathiazole.16 In another study, oxytetracycline, i.e. a tetracy-
cline, was determined using LC-MS/MS in pork and beef at
concentrations of 1010.2–1361.0 µg kg–1 and 1660.1–1080.0 µg
kg–1, respectively, in which the LODs for the determination of
tetracycline and oxytetracycline were 6.0 and 10.0 µg kg–1.17 It is
worth noting that several studies employed triple quadrupole
mass spectrometers, which are more costly and difficult to oper-
ate and maintain than the quadrupole ion trap (QIT) mass spec-
trometer used in this study. This consideration added impetus to
this study since it offered the prospective of a sensitive and rapid
method at lower cost.
In this study, a QIT was used to develop a simple, highly sensi-
tive multi-residue HPLC-MS/MS method for sulfonamides
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(sulfaguanidine and sulfamethazole), a pyrimidine (trimetho-
prim), tetracycline (tetracycline and chlortetracycline) and a
macrolide (tylosin) all generally referred to as antibiotics18
shown in Fig. 1. Other interesting observations regarding the
behavior of the analytes, when subjected to electrospray ioniza-
tion, were also examined.
2. Experimental
2.1. Equipment and Reagents
An Agilent HP 1100 series high performance liquid chromato-
graphic system (Agilent Technologies, Palo Alto, CA USA)
equipped with an autosampler, automatic degasser, a quater-
nary pump, a column thermostat and a diode array detector
(DAD) was used for all separations. This was coupled to a
Thermo Scientific Finnigan LCQ DECA Quadrupole Ion Trap
Mass Spectrometer with an electrospray ionization (ESI) ion
source (Thermo Scientific, San Jose, CA, USA). The HPLC-MS
system was operated using the XCalibur version 2.0 acquisition
software (Thermo Scientific, San Jose, CA, USA). Ultrahigh
purity nitrogen and helium from Afrox (Germiston, South
Africa) were used as sheath/auxiliary and buffer gasses,
respectively. An XTerra MS C18 column 5.0 µm 2.1 mm × 150 mm
purchased from Waters (Milford MA, USA) was used through-
out for separations. A Sartorius analytical balance (Goettingen,
Germany) was used for weighing samples and reagent chemi-
cals, while the Sartorius super-micro balance (Goettingen,
Germany) was used for weighing analytical standards. The
pH values of the mobile phases were measured using a Hanna
instruments pH meter (Hanna instruments Inc., Cluj-Napoca
Jud. Cluj. Romania). A Salton Elite blender (Johannesburg,
South Africa) was used to homogenize the liver matrices.
The SPE cartridges were used on a Vac Master SPE manifold
from Biotage (Charlotte, NC, USA). Glass syringes together with
Whatman 0.45 µm acrodisc syringe filters (Whatman Interna-
tional Ltd, Maidstone, UK) were used for filtering the sample
extracts before HPLC-MS analysis
Disodium hydrogen phosphate dihydrate 99 % and EDTA
disodium salt dihydrate were of analytical grade obtained from
Saarchem (Pty) Ltd. (Krugersdorp, South Africa). Citric acid also
of analytical grade, HPLC grade methanol and formic acid were
purchased from Sigma-Aldrich, (Seelze, Germany). Analytical
grade oxalic acid 99 % was from the Associated Chemical Enter-
prises (Pty) Ltd. (Johannesburg, South Africa). Analytical stan-
dards, tetracycline (TC) 97.7 %, chlortetracycline (CTC) 90 %,
sulfaguanidine (SGD), sulfathiazole (STZ), trimethoprim (TMP)
99.1 % and tylosin (TYL) 84.6% were purchased from Sigma-
Aldrich (Seelze, Germany). Ultra high purity (UHP) water was
processed through a Milli-Quantum Ultrapure Ionex Gradient
A10 system (Millipore Corporation, Bedford, MA, USA).
Organic solvents were filtered through a 0.45 µm organic filter,
type HVLP Millipore (Dublin, Ireland). The aqueous solvents
were filtered through a 0.45 µm pore size cellulose nitrate mem-
brane (Whatman International Ltd., Maidstone England). Solid
phase extraction (SPE) cartridges used for the sample cleanup
step, Sep Pak Vac C18 (500 mg 3 ml
–1) were obtained from Waters
(Milford MA, USA). 99.9 % ultramark, caffeine and L-methio-
nylarginyl-phenyl-anaineacetate.H2O (MRFA) for tuning and
calibrating the mass spectrometer were purchased from Thermo
Fisher Scientific (Edenvale, South Africa).
2.2. Preparation of the Extraction Solution – 0.1 mol L–1
Na2EDTA-McIIvaine Buffer pH 4
McIIvaine buffer solution was prepared by mixing 153 mL of
0.1 M citric acid solution and 96 mL of 0.2 M Na2HPO4. The buffer
was subsequently used to prepare 0.1 M of Na2EDTA-McIIvaine
buffer pH 4. This extraction solution was always prepared
freshly before use.
2.3. Preparation of 10 mmol L–1 Methanolic Oxalic Acid
(MOX)
Methanolic oxalic acid19 was prepared with 0.63 g oxalic acid
dihydrate in a 500 mL volumetric flask to which HPLC grade
methanol was added to volume and mixed.
2.4. Sample Preparation and Clean-up
Chicken liver samples were used for method validation. They
were purchased from supermarkets in Gaborone, Botswana.
They were wrapped in aluminum foil to protect them from
photo-degradation and then stored at 4 °C. The samples were
screened by extracting portions of liver samples and injecting
the extracts into the LC-MS to ensure that none of the analytes of
interest were present. The samples were blended for about
two minutes and then two portions (2 g each) put in 15 mL
centrifuge tubes. One sample was spiked with a mixture of the
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Figure 1 Structures of analytes in this study. TMP = trimethoprim; TC=tetracycline; CTC = chlortetracycline; SGD = sulfaguanidine; STZ =
sulfathiazole; TYL = tylosin.
antibiotic standards at 500 µg kg–1 by addition of 100 µL of
10 mg L–1 standard solution whilst the other served as a control.
The spiked sample was mixed and left to stand for 3 hours to
allow maximum penetration of the analytes into the tissue.
10 mL of Na2EDTA-McIIvaine buffer (10 mL, pH 4) were added
to each and the samples centrifuged at 3800 rpm for 10 minutes.
This process was repeated twice with 5 mL of the extraction solu-
tion. The supernatants were pooled and centrifuged at 4000 rpm
for 15 minutes. Thereafter, they were filtered using glass wool
for solid phase extraction (SPE) clean-up.
The SPE cartridges were conditioned using 5 mL methanol,
followed by 5 mL of de-ionized water. The sorbent phase was
equilibrated with 5 mL of Na2EDTA-McIIvaine buffer. The SPE
cartridges were loaded with 3 mL of the filtered sample, fol-
lowed by washing with 5 mL of deionized water, and left to
dry under vacuum for approximately 3 minutes to remove any
residual moisture. The contents of the tube were discarded
following elution with 4 mL of 10 mmol L–1 MOX at pH 1.8. The
eluent was evaporated gently at room temperature using a
stream of nitrogen gas to dryness and the residue reconstituted
with 1 mL of 50:50 mobile phase A (methanol) and mobile phase
B (water). The resulting solution was filtered using a Whatman
0.45 µm acrodisc syringe filter and transferred to an HPLC
auto-sampler vial wrapped with aluminum foil to prevent
photo-degradation of the analytes prior to analysis. The samples
were ready for introduction into the HPLC-MS system.
2.5. Mass Spectrometry
All mass spectrometric acquisitions were processed using the
XCalibur version 2.0 acquisition software. Calibration and
tuning of the mass spectrometer was accomplished using a
solution of caffeine, methionyl-arginyl-phenylalanyl-alamine
acetate (MRFA) and Ultramark. The isolation window and the
collision energy for the MS/MS parameters were varied for each
standard to obtain the optimum values for each as seen in
Table 1. The voltages on the heated capillary, the ion optics and
the electron multiplier were automatically set for each standard
using the LCQ auto-tune function in the acquisition software.
To avoid space charge and enhance sensitivity, the automatic
gain control (AGC) was used during all the acquisitions. The
sheath gas used was nitrogen and the auxiliary gas was turned
off. Helium gas was used as a buffer gas in the quadrupole ion
trap (QIT). The sheath gas flow rate was set at 43.1 arbitrary
units, the capillary temperature was set at 350 °C and the spray
needle voltage was set at 5.02 Kv. The vacuum and turbo pump
parameters as well as the power supplies were automatically set
by the auto-tune function.
2.6. High Performance Liquid Chromatography
Working standard solutions dissolved in methanol (10 mg L–1)
were run isocratically on an XTerra® MS C18 5.0 column µm
2.1 mm × 150 mm at a flow rate of 0.15 mL min–1 individually, to
establish their retention times. After ascertaining that the
retention times were different and therefore the analytes would
not co-elute, a cocktail of the six standards at 5 mg L–1 was
prepared. Optimization of the mobile phase pH, column tem-
perature, flow rate and gradient elution was done in order to
improve the resolution and shorten the analysis time. The diode
array detector (DAD) was used to detect the analytes at three
different absorption wavelengths of 260 nm, 287 nm, and
360 nm for all the analytes and their spectra were recorded
simultaneously at each wavelength at a particular retention
time. This necessitated the use of three channels in the diode
array detector (DAD). An optimized gradient elution pro-
gramme, shown in Table 2, was then used for all other separa-
tions.
Analysis time was 18 minutes with a post equilibration run
(15 minutes) before the next run. The mobile phase was com-
posed of methanol and water adjusted to pH 3.5 with formic
acid. The column was always equilibrated for one hour before
the initial run of each batch of standards and samples on a daily
basis at a low flow rate of 0.1 mL min–1. Optimum values as
adduced from these experiments are shown in Table 2.
2.7. Quantitation
Quantitation was based on peak areas for the standards all at
5 mg L–1 for all the analytes, which were used to construct cali-
bration curves. The base peaks with relative abundances
of 100 % as seen in Table 1 in the product ion spectra were used to
create reconstructed ion chromatograms (RIC) from which the
peak areas were derived. The RICs were obtained from the total
ion chromatograms (TIC) using the XCalibur software by auto-
filtration.
2.8. Method Validation
As part of method validation, linearities, limit of detections
(LODs), limits of quantification (LOQs) and percentage (%)
recoveries were estimated using extracts obtained after sample
preparation and clean-up of the spiked liver samples. The LOD
or detection limit, defined as the lowest concentration level that
can be determined to be statistically different from a blank (99 %
confidence) is approximately equal to the method detection limit
(MDL) for those tests for which the MDL can be calculated20.
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Table 1 Analytes, molecular weights, precursor-ions and optimized MS/MS parameters.
Drug Retention time/min MW/g mol–1 Precursor ion/m/z Isolation window/m/z Collision energy/% Product ions
SGD 3.69 214 215 8 29 156 (100), 173(18), 215(16)
TMP 4.63 290 291 3 37 230(100), 258(65), 276(38)
STZ 8.67 255 256 6 26 156(100), 256(13)
TC 13.65 444 445 10 19 426(100)
CTC 15.47 478 479 7 19 462(100), 480(8)
TYL 16.19 915 948 16 24.5 916(100), 772(65)
SGD = sulfaguanidine; TMP = trimethoprim; STZ = sulfathiazole; TC = tetracycline; CTC = chlortetracycline; TYL = tylosin.
All precursor ions were [M + H]+ except for TYL which was [M + 32]+. Product ions in brackets are the ion % relative abundances.
Table 2 Gradient used for elution of the six drugs.





A = MeOH + HCOOH (pH 3.5); B = H2O + HCOOH (pH 3.5).
The MDL is the minimum concentration of a substance that can
be measured and reported with 99 % confidence that the analyte
concentration is greater than zero. It is determined from analysis
of a sample in a given matrix containing the analyte. Method
detection limits (MDLs) are calculated when samples are
subjected to the entire sample preparation procedure and the
sample extracts are analyzed by LC-MS were estimated using
Eq. 1 below where s is the standard deviation of the concentra-
tion of the extracted analytes in the spiked samples and t is the
student t-test value at 95 % confidence level with n - 1 degrees
of freedom. The instrument detection limits (IDLs), which
are limits of detection when pure standards are used, were
26.3 µg kg–1 for SGD, 10.8 µg kg–1 for TMP, 24.4 µg kg–1 for STZ,
21.1 µg kg–1 for TC, 20.1 µg kg–1 for CTC and 80.9 µg kg–1 for TYL.
To cater for losses that would be encountered during the sample
preparation procedure, a blank sample was spiked at 500 µg kg–1
for all the analytes of interest and subjected to the whole sample
preparation procedure and extracted seven times. The sample
extracts were then run seven times.
MDL = ts (1)
In order to avoid ambiguity, the acronym LOD rather than
MDL was used throughout the discussion. The LOQs were esti-
mated as 10 times the standard deviation (s)21 of the concentra-
tions of the spiked samples as shown in Eq. 2 below.
LOQ = 10 × s (2)
The calibration curves were generated with eight standards
ranging from 40 to 200 µg L–1, which were run in triplicate.
Linearities were estimated from the calibration curves. The con-
centrations determined in spiked liver extracts were obtained by
interpolation from the calibration curves. Recoveries of the
spiked sample extracts (n = 3) at 500 µg kg–1 were calculated
using Eq. 3.
% recovery





3. Results and Discussion
3.1. Mass Spectrometer/UV Detector Responses to the
Compounds under Study
Relative response factors (RRFs) were calculated22 as shown in
Table 3.
In order to clarify the variations in the validation parameters
such as LODs for the analytes, a contrast in terms of analyte
responses in the DAD and the mass spectrometer was made. A
quantitative rather than a qualitative approach was used after
qualitatively observing weak signals for sulfonamides in the
mass spectrometer compared to those in the DAD. This facili-
tated rationalization of the lower sensitivities obtained for
sulfonamides compared to the other analytes. RRFs were calcu-
lated using TMP as an internal standard for the other five
analytes and then CTC as an internal standard for TMP.
The RRFs of SGD and STZ in the UV detector at 360 nm were
very high but sharply declined by 99 % in the mass spectrometer
when MS/MS was performed. The only functional group that is
unique to these compounds is the sulfonamide and speculation
arose that it could have suppressed intra-molecular protonation
by formic acid or this group is pH dependent. Sulfonamides are
amphoteric in character and exhibit two dissociation steps in an
aqueous phase. At low pH, i.e. lower than pKa1, they are fully
protonated at the phenyl amine group (pKa1) and will thus be
positively charged. At these pH values they will exhibit certain
UV absorption characteristics. At higher pH values, i.e. greater
than pKa2, they will be fully deprotonated and will be negatively
charged at the sulfonamide group (pKa2) which is para to the
amine group and thus they will have different UV absorption
characteristics.
In contrast, the response factors of TC and CTC were identical.
Figure 2 shows the signal to noise (S/N) ratios adduced, plotted
as a function of detection method. S/N ratios were extracted
from chromatograms of an extract of a spiked liver sample using
the integrated chemical information system (ICIS) INCOS noise
algorithm. The S/N ratios of SGD and STZ were far superior
using UV detection compared to full scan and MS/MS. This is
because sulfonamides have been shown to respond better to ESI
at pH values higher or equal to pKa2 values
23 which are in almost
all instances values greater than pH 3.5 which was used in this
study. Figure 2 also shows that SGD and STZ had identical
S/N ratios both in the full scan and MS/MS modes, which were
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Table 3 Relative response factors of the compounds using MS/MS and UV detection.
Compound RT Relative response factor (MS/MS) Relative response factor (UV 360 nm)
SGD 3.69 0.0109 1.235
TMP 4.63 0.9714 1.117
STZ 8.67 0.02707 6.200
TC 13.65 2.514 2.253
CTC 15.47 1.029 0.8953
TYL 16.19 4.526 7.792
Figure 2 S/N ratios of the analytes obtained using a 10 mg L–1 standard in
full scan MS, MS/MS and UV detection at three wavelengths.
the lowest amongst the target analytes. Although UV can be
implied as more sensitive for the determination of SGD and STZ,
it lacks the specificity necessary to confirm presence of the
analytes. Potentially, the two detectors used in tandem would be
necessary in this case. The order of S/N ratios from highest to
lowest in the MS/MS mode was TYL > TC > CTC > TMP
> SGD = STZ.
Figure 3 shows a full scan TIC and RICs of all targeted analytes
for an extract from a spiked 2 g liver sample at a spike level
500 µg kg–1. As can be seen from Fig. 3 and due to poor responses
to mass spectral detection in both the full scan and MS/MS
modes, SGD and STZ signals were not prominent in the full
scan TIC but became prominent after filtration to get RICs.
In this instance, the scan filters were pinned to the base peaks,
i.e. the [M+1]+ ions except for TYL which was [M + 32]+, i.e. an
adduct with methanol solvent. The filters were thus as follows:
m/z 215 for SGD, m/z 291 for TMP, m/z 256 for STZ, m/z 445 for TC,
m/z 479 for CTC and m/z 948 for TYL.
3.2. Method Validation
Validation results are shown in Table 4. The sensitivities
for SGD and STZ were the lowest, i.e. with LODs of 2.5 and
31.5 µg kg–1, respectively, thus paralleling the low response
factors to QIT detection that were estimated for these analytes in
Table 3 using MS/MS.
Recoveries for SGD, i.e. 51 ± 10.8 %, and STZ, i.e. 68 ± 4.1 %,
were also lower than other analytes, again underscoring the
dependence of the analysis of sulfonamides on the type of
sample matrix and sample preparation method used. Thus, a
combination of poor responses to the instrument and matrix
effects produced a cumulative affect that gave lower sensitivi-
ties, i.e. high LODs for the two sulfonamides. These values
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Table 4 Validation parameters for the analytes.
Compound Regression equation R2 LOD/µg kg–1) LOQ/µg kg–1 *EU MRL in liver/µg kg–1 % Recovery ± % RSD
n = 3
SGD y = 5029.1x – 124915 0.9990 2.5 10.2 100 51 ± 10.8
TMP y = 69398x + 4 ×106 0.9992 0.015 0.061 50 71 ± 9.9
STZ y = 2250x – 11052 0.9994 31.5 129 100 68 ± 4.1
TC y = 110562x + 5 × 106 0.9997 0.026 0.106 300 75 ± 5.5
CTC y = 41533x + 1 × 106 0.9992 0.022 0.090 300 72 ± 8.3
TYL y =196912x + 502543 0.9997 0.010 0.041 100 102 ± 9.8
* Maximum recommended limit (MRL) values from Council Regulation (EEC) No. 2377/90, Off. J. Eur. Commun., 1990, 224, 1.
Figure 3 Total ion chromatogram (TIC) in topmost position and reconstructed ion chromatograms (RIC) for the analytes of a chicken liver sample
extract spiked at 500 µg kg–1. Scan filters: SGD m/z 215; TMP m/z 291; STZ m/z 256; TC m/z 445; CTC m/z 479; TYL m/z 948.
regardless still fell within and, in some cases, better than those
ranges previously reported, i.e. 10–50 µg kg–1 for sulfona-
mides10–12 as seen in Table 5. The LODs for TMP, TC, CTC
and TYL ranged between 0.010 and 0.026 µg kg–1. Of particular
interest were the LODs for TC and CTC which were 0.026 and
0.022 µg kg–1, respectively. These values were lower than those
that have been reported, i.e. 0.3 and 0.3 µg kg–1, ref. 9 in fish tissue
and 0.3 µg kg–1, ref. 24 for both TC and CTC in multi-specie animal
tissue and detected in a real beef sample at 6.0 µg kg–1. The lowest
LOD was obtained for TYL at 0.010 µg kg–1 which was orders of
magnitude lower than previously reported15. This result con-
firmed the observation that TYL had the highest S/N ratio from
Fig. 2. TYL has also been determined with a much higher LOD,
i.e. 0.2 µg kg–1 swine tissues25 and the same LOD in fish and
shrimp.26
A comparable value of 0.010 µg kg–1 but with lower recoveries
than in this study of 84 % (RSD = 9 %) has been reported27 using
a single quadrupole mass spectrometer operated in the selected
ion monitoring (SIM) mode in samples of honey. The LODs for
all the compounds obtained in this study are much lower than
the maximum residue limits (MRLs) in liver set by the European
Union (EU) and better than those reported in many instances.
4. Conclusion
A simple, rapid (17 minutes) very sensitive and cost-effective
method was developed for the determination of multi class anti-
biotics in chicken liver using LC-MS/MS. The low response
factors of sulphonamides in this study, i.e. SGD and STZ, to mass
spectrometry and in contrast to UV detection were observed.
Low recoveries of the two sulphonamides were speculated to
have arisen due to on the complexity of the matrix. Overall,
the LODs of the method were far superior to many that are cited
in the literature.
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Table 5 A comparison of some LODs in this study and literature values.
No. Analyte Matrix Sample size/n Literature value/µg kg–1 This study/µg kg–1 Ref.
1 SGD Chicken liver 3 2.5
2 TMP Chicken liver 3 0.015
3 STZ Chicken liver 3 31.5
4 TC Chicken liver 3 0.026
5 CTC Chicken liver 3 0.022
6 TYL Chicken liver 3 0.010
7 Sulfonamides (3, 125 and 16, 10 50 10–12
respectively)
8 TC Animal tissue 12 0.3 9
9 CTC Animal tissue 11 0.3 9
10 TYL Fish and Shrimp 3 0.2 26
11 TYL Honey 725 0.01 27
